Abstract: Gabbroic bodies from the Moldanubian Monotonous Group (Maříž) and the Moravian Vratěnín Unit (other sites), often showing retrogressive recrystallization at their margins in the amphibolite-facies grade, have norite, gabbronorite, gabbro and hornblendite compositions. Gabbros with preserved coronitic textures are limited to the Vratěnín Unit. The estimated equilibration temperatures derived from plagioclase-amphibole pairs and orthopyroxene Ca contents calculated for pressures 5-10 kbar overlap for coronitic (700-840 °C) and non-coronitic gabbroic rocks (680-850 °C). Although the Moldanubian (Maříž) gabbroic rocks are more Mg-rich compared to the Moravian gabbroids, they show crust-like La/Nb ratios of 2.1-6.6 characteristic of subduction-related magmatic rocks coupled with uniform low ε Nd values of + 0.6 to + 0.7. Apparent subduction-related features are probably caused by contamination by juvenile crust and/or by metamorphic fluid rich in incompatible elements during the Variscan metamorphism. Samples from Korolupy-Nonndorf and Mešovice have La/Nb ratios <1.7 and show negative correlations between La/Nb and ε Nd . Such decoupling between La/Nb and ε Nd could be attributed to contamination of the subduction-related parent magma by crustal material with higher La/Nb and lower ε Nd values. Samples from Uherčice show ambiguous geochemical patterns inherited from contamination by very old recycled material. Gabbroic rocks from Maříž should represent an underplated, partly layered cumulate body of continental tholeiite composition, strongly influenced by crustal contamination. In contrast, gabbroic bodies from the Vratěnín Unit, having a close spatial relationship to the surrounding garnet amphibolites, were emplaced into a lithologically variable passive margin sequence probably during the Cadomian extension.
Introduction
Gabbros and norites represent either products of middle stages of fractionation of a basaltic magma in layered complexes or differentiated sills. Gabbroic rocks in orogenic batholiths, composed of members of the gabbro-diorite-tonalitemonzonite-granodiorite-granite calc-alkaline suite, can compose 7-14 vol. % of the whole (Pitcher 1978) . They also occur in intrusions (partly of alkali character) in extensional settings with members of a granite-syenite trend or as members of the gabbro-anorthosite-charnockite suite (2-10 vol. % only -Vorma 1976) . Phanerozoic gabbroic rocks also form minor components of alkalic anorogenic suites related to crustal doming and rifting (e.g. the Oslo Rift -Neumann 1978) .
We present results on (ultra)mafic gabbroic bodies from: The studied gabbroic bodies occur in a complicated tectonic stack of the Moldanubian and Moravian units (called the Drosendorf stack -Tollman 1982) in close proximity to the major thrust boundary between the Moldanubian high-grade gneisses and Cadomian Brunovistulian foreland (cf. different genetic interpretations -see discussion in Schulmann et al. 2005) . The E-W profile trough the classical Drosendorf window with gabbros and retrogressed metagabbros illustrates the pre-Variscan geodynamic setting of individual crustal slices. From the top to the bottom, the following lithotectonic units (only those containing the studied gabbroic rocks) can be distinguished (see Fig. 1 ):
a) The Monotonous Unit formed by migmatitic paragneisses with cordierite close to the contact with the Variscan granitoids. U-Pb dating of clastic zircons from paragneisses shows a maximum Neoproterozoic sedimentary age for these units (Kröner et al. 1988) . The layered gabbro from Maříž crops out in the western part of this unit near the contact with the Moldanubian pluton. The gabbroic bodies range from 60 to 600 m in size and occur (in particular those near Maříž) along the southern continuation of the Přibyslav Mylonite Zone.
b) The Vratěnín Varied Unit is composed of paragneisses with frequent intercalation of marbles, graphite paragneisses and garnet amphibolites with pyroxene relicts. Gabbroic rocks form bodies X0 m in size in the surrounding paragneisses W and SW of Korolupy and Nonndorf and between Uherčice and Mešovice, where gabbros are spatially associated with amphibolites, calc-silicate rocks and marbles. Relatively fresh olivine and pyroxene gabbros and ultramafic cumulates associated with gabbros in Korolupy and Mešovice bodies pass to amphibolitized gabbros and finegrained gabbroamphibolites with only scarce relics of pyroxenes. This unit was considered an equivalent of the VranovOlešnice Unit of the Moravicum (Jenček & Dudek 1971) or correlated with the Moldanubian Varied Unit (Schulmann et al. 2005; Racek et al. 2006) . Jenček & Dudek (1971) supposed an early Variscan age for the gabbros, but without any radiometric evidence.
Methods
Special attention was applied to the positions and shape of the inhomogeneous Maříž gabbroic body occurring at the immediate contact with the Moldanubian pluton. Magnetometric measurements (57,000 m 2 with 7,500 of point measurements) were performed using the method of magnetometric gradiometry and the Envi Scintrex proton magnetometer.
Whole-rock major element concentrations were determined at the Charles University, Prague, using wet chemical methods. Analyses of the reference standards (GM, TB, BN) and duplicate analyses of the samples yield total errors of ± 5 % (1 σ). A quadrupole-based ICP-MS (VG Elemental PQ3) was used for determination of REE and other trace elements using the methods of Strnad et al. (2005) . The accuracy was tested against reference rock standard BCR-2, the precision was monitored by replicate analyses of the same reference material and was always better than ±5 % (1 σ).
Mineral analyses were carried out on a Cameca SX 100 electron microprobe using the wavelength-dispersive spectrometry (WDS) analyser at the Institute of Geology, Academy of Sciences of the Czech Republic. Analytical conditions were as follows: 15 kV accelerating voltage, 10 nA beam current and 2 µm beam diameter. A counting time of 10 s was used for all elements. Synthetic and natural minerals were used as standards. Data reduction used the X-PHI Merlet correction (Merlet 1992) .
The K-Ar isotope measurements were carried out at the Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, according to the Ar(rad) and K concentrations and atmospheric argon for checking the determination of Ar isotopic ratios. Atomic constants according to Steiger & Jäger (1977) have been used for calculation of ages.
Apatite fission-track analysis (AFTA) was undertaken to determine the age and the thermal history of gabbroic and spatially-associated granite. The external detector method was used for fission-track analysis.
The Sm-Nd isotopic work was carried out in the isotope laboratory at the Universität München according to the procedures outlined in Hegner et al. (1995) 
Sampled localities and petrography
The list of the rocks and their location is presented in Table 1, together with their concise petrographical characteristics. The rock names correspond to the modal classification of Le Maitre (Ed.) (2002) . Geographical coordinates of individual rock samples are presented in Table 1 and quantitative modal compositions in Table 2 . Prevailing primary magmatic rockforming mineral assemblages of most of the gabbroic rocks are variably overprinted during the later metamorphic processes. Depending on fluid activity, coronitic gabbros from the Vratěnín Unit with preserved original magmatic ophitic to gabbroophitic textures were variably recrystallized to gabroamphibolites where pyroxene is mostly replaced by different amphibole species. Plagioclase is also recrystallized and variably equilibrated into a mosaic of newly formed grains. Some samples from Maříž and Mešovice are recrystallized to relatively fine-grained gabbroamphibolites, where only several relicts of uralitized pyroxene have been preserved. These microstructures show that recrystallization occurred in the amphibolite facies grade.
Compositional layering on a centimeter scale of some samples from Maříž show that cumulation of olivine-and/or orthopyroxene-rich and feldspar-rich layers played an important role in the differentiation of the parent magma.
Rock-forming minerals
Olivine is ubiquitous, in particular in the olivine norite from Nonndorf, more rarely also Korolupy. It forms subhedral grains ) concentrated in the centers of coronitic textures ( Fig. 2A) . Subhedral olivines in the matrix are less magnesian (~Fo 50 ). More magnesian olivine (Fo 65-80 , cf. data in Table 3 ) also occurs in substantial amounts in the olivine gabbronorite (M-5-1) and olivine hornblendite (M-5-4) from Maříž.
Orthopyroxene (En ) is common in the Korolupy and Nonndorf norites, concentrated in the centers (Fig. 2B) or forming the rims of olivine in coronitic textures ( Fig. 2A) . Its rarer presence in the Nonndorf samples (En 70-60 , rare rims up to En 45 ) is compensated for by the substantial amount of olivine in the same structural position in the coronitic textures. Maximum concentrations of orthopyroxene occur in the Maříž gabbronorite (M-5-2) where compositions vary from enstatite (En ) to rare rims of ferrosilite (En 45 ) (cf. Fig. 3 and Table 4). Uralitization of orthopyroxenes is common. Clinopyroxene occurs ubiquitously in the gabbroic rocks. It forms over 40 vol. % in the Uherčice melanorites (M-3A) and sub- In samples Nos. M-5-1 and M-5-3 (both from Maříž), the presence of small amounts of cummingtonite has been microscopically stated; tr. -traces stantial amounts also occur in the Maříž olivine gabbronorite (M-5-1), gabbronorite (M-5-2) and gabbro (M-5-3). Clinopyroxene is present as euhedral to subhedral crystals while smaller subhedral grains occur in the matrix. All the clinopyroxenes have the composition of diopside (Table 4 and Amhiboles are, together with orthopyroxenes the most abundant ferromagnesian minerals of the gabbroic rocks. They are either primary, represented by minor dark brown and deep green subhedral crystals or secondary pale green acicular or prismatic crystals pseudomorphing primary pyroxenes and/or amphiboles. The most abundant primary amphibole variety is pargasite to ferropargasite concentrated in rims of coronitic textures ( Fig. 2A,B ) of norites from Korolupy and Nonndorf. However, anhedral grains of dark brown pargasite sometimes replace orthopyroxene. The pargasite to ferropargasite (Table 5 and Fig. 4 -Leake (Ed.) 1997 classification) are typical of the Mešovice samples while pargasite to edenite characterize the more strongly amphibolized Uherčice and Maříž gabbroic rocks. Hornblendes of the tschermakite to magnesiohornblende series, transitional to the secondary amphiboles, are found in the Maříž rocks in strongly retrogressed metagabbros to well equilibrated gabbroamphibolites. The typical secondary amphiboles have actinolitic compositions. Cummingtonite (mostly after orthopyroxenes) often occurs in the parallel growths with actinolite.
Dark mica is typically rare (~1 vol. %) as anhedral intercumulus crystals in most of the gabbroic rocks but forms up to 35 vol. % in the Maříž gabbro (M-5-3). It penetrates as a younger mineral along the grain boundaries (see Fig. 2C ). An Al [6] vs. Fe tot /(Fe tot + Mg) plot (Fig. 5; Fleet 2003) shows the range from phlogopite (Maříž) to biotite in the Korolupy and Nonndorf samples (cf. in Table 6 ).
Plagioclase is the most abundant component of the gabbroic rocks ranging from subhedral laths to rare euhedral crystals. Its composition varies from anorthite to oligoclase in rims Or 05-07 Ab 10-80 ) (cf. Table 7 and Fig. 6 ). The most calcic feldspars occur in the Uherčice melagabbro whereas oligoclase compositions are associated with samples with uralitized pyroxenes (cf. Koller 1998) . Alkali feldspar occurs as subhedral grains in some gabbroic samples of the Maříž body with a composition similar to that in the Číměř muscovite biotite granite (cf. Table 7 and Fig. 6 ).
Hercynite is present in coronitic assemblages in the Korolupy and Nonndorf norites. Inclusions in the Nonndorf olivines are Cr-spinels, whereas inclusions in orthopyroxenes are of magnetite composition. Magnetite occurs as rare euhedral to subhedral corroded crystals, generally in association with the mafic minerals and their secondary products. C -core, R -rim, Ph -phenocryst, IG -intergrowth, COR -coronite structure, Br -brown, Gr -green The highest concentrations are in the Maříž (M-5-4) and Mešovice samples. The compositions show very low ulvö-spinel contents (Usp 0-4 mol %). Ilmenite is present as a decomposition product of the primary titanium-rich magnetite from Korolupy, and Maříž (together with rare rutile) or penetrates as a younger mineral along grain boundaries (Mešovice, MnO ~10 wt. %, Fig. 2D ) where it is partly "leucoxenized" and transformed to titanite. Small crystals of titanite occur in association with ilmenite in all gabbroic rocks. However, subhedral grains of almandine, in symplectite association with ilmenite occur in norite from Korolupy and as individual isometric grains in melanorite from Uherčice. Pyrrhotite has been found at Maříž only. Fluorapatite occurs in all the gabbroic rocks but zircon is known only as a scarce accessory mineral in Maříž. Pyrite is present in all the gabbroic rocks, particularly at Mešovice where it occurs with chalcopyrite.
Geothermobarometry
Temperature and pressure estimates are difficult to obtain as a result of compositional variability in the minerals arising from recrystallization and partial re-equilibration during cooling and decompression. Estimates of the highest temperature and pressure equilibration conditions of the rocks are therefore based on the core compositions of minerals judged, on textural grounds, to represent the earliest assemblages.
Temperatures were calculated using the plagioclase-amphibole thermometer of Holland & Blundy (1994) . Additionally, in samples with coronitic texture (Korolupy and Nonndorf), the temperature of coronas was calculated using "Ca-in-orthopyroxene thermometer" of Brey & Köhler 1990) . Because of the lack of a precise barometer for clinopyroxene-free gabbroic rocks, pressures were calculated only for clinopyroxene-bearing gabbros using the clinopyroxene geobarometer (Nimis 1999 ). The BH model of Nimis (1999) was selected as the most reliable, because it is calibrated for a composition similar to that of the gabbros under consideration. Equilibrium temperature and pressure estimates are given in Table 8 . The temperatures calculated for pressures 5-10 kbar are similar for coronitic (700-840 °C) and non-coronitic gabbroic rocks (680-850 °C). The pressures calculated for the Uherčice melanorite and Maříž gabbro (M-5-3) range from 7 to 13 kbar. This large uncertainty reflects the strong dependence of the clinopyroxene barometer on the estimated temperature. The two-pyroxene thermometry (1000-700 °C) and clinopyroxene-plagioclase barometry (8-5 kbar) performed by Koller (1998) also show a wide scatter of data for these rocks.
Geochemical characteristics of the gabbroic rocks
Major element and trace element data of ten gabbroic rock samples from one locality in the Moldanubian Monotonous Unit and four localities from the Vratěnín Unit of the Moravian affinity, and one granite sample from the Moldanubian pluton are presented in Table 9 .
Major and minor elements
The gabbroic rocks show large variation of Mg# from 61 (49) lower Mg# (61-64) are typical for coronitic norites from Korolupy and Nonndorf. Only the Mešovice norite has a lower Mg# of 49 coupled with high TiO 2 contents (3.4 wt. %), higher contents of Fe 2 O 3 , P 2 O 5 together with Zr, and very low contents of compatible elements (Cr, Co), showing a more fractionated nature of the rocks after earlier accumulation of Mg-bearing phases. The relationship between the SiO 2 and alkalies of the studied rocks is illustrated on TAS diagram ( Fig. 7 ; Cox et al. 1979 ). In spite of their similar petrography, the two samples from Maříž (M-5-2 and M-5-4) straddle the gabbro field boundary towards the lower alkali contents. No significant correlations were found between SiO 2 and selected oxides (Al 2 O 3 , MgO, TiO 2 , P 2 O 5 , see Fig. 8 ). The wide variability of compatible element contents, for example Ni (53-1076 ppm), Co (16-140 ppm), Cr (22-1867 ppm), V (159-521ppm), and Sc (22-40 ppm) and Sr-Nd isotopes illustrates the heterogeneity of the gabbroic rocks even from a single locality, such as Maříž. 
Trace elements
The chondrite-normalized REE patterns reveal similar trends (cf. Fig. 9A ) with characteristic LREE enrichment in most of the samples. Nonetheless, the degree of LREE enrichment is high (La N /Yb N = 2.2-49.1), with the highest degree of REE fractionation observed in the Maříž gabbronorite sample M-5-2. A distinct positive Eu anomaly present in all the studied samples (Eu/Eu*= 1.1 to 1.6) is in agreement with plagioclase accumulations in the studied rocks. The primitive mantle-normalized incompatible trace element patterns of the gabbroic rocks show differences between both absolute and relative trace element abundances (cf. Cox et al. (1979) showing the composition of the gabbroic rocks.
pattern of the Číměř granite from the Moldanubian pluton differs from those of the gabbroic rocks in its higher Th, K 2 O and REE concentrations (Fig. 9A,B) 
Nd isotopic systematics
The Nd-Sr isotopic compositions of the gabbroic samples and a single sample of Variscan-age granite associated with the Maříž gabbros are listed in Table 10 and plotted in Fig. 10 . As outlined below, K-Ar ages of 570 to 550 Ma for hornblende relics, interpreted to be of magmatic origin, suggest a Cadomian age for these suites. Regression of the Sm-Nd data for all samples, with the exception of the isotopically distinct Uherčice melagabbros, yielded an age of 290 Ma and a large error of ~700 Ma. Rb-Sr isotopic data for these samples yielded 660 Ma and an error of 370 Ma. The Sm-Nd isotopic data from two gabbroic samples from the Uherčice Complex plot on a line corresponding to 1.3 Ga. Clearly the Rb-Sr and SmNd isotopic systems do not help to constrain geologically meaningful ages for these rocks. In the following we accept a crystallization age of 560 Ma for them and outline some source characteristics for these mafic lithologies of the Moldanubian basement. Because all samples, except those from Nonndorf, have low Sm/Nd ratios, age uncertainties up to 20 Ma will have only negligible effects on the calculated initial ε Nd values. The initial ε Nd values calculated for 560 Ma show a very large variation of + 5 to -8 ( Fig. 10; Table 10 ). They document a magmatic history of these gabbroic complexes characterized by involvement of juvenile mantle-derived material as seen in the norite sample from Mešovice, and major recycling of ancient crustal components as documented in the Uherčice gabbroic rocks with ε Nd values of ca. -6 to -8.
Interpretation of K-Ar ages and fission-track data
The first K-Ar ages on gabbroic rocks from the Moldanubian and Moravian units of W Moravia and N Austria are summarized in Table 11 . The majority, measured on amphibole, clinopyroxene, plagioclase and biotite, range from 389 to 254 Ma, confirming the importance of Variscan metamorphic processes on Ar behaviour. However, older ages (1302 Ma and 550 Ma) have been obtained from plagioclase and amphibole at Korolupy, 796 Ma, from plagioclase, from the similar gabbroic body at Nonndorf, and 568 Ma from amphibole at Maříž. It is generally accepted that the closure temperature of amphibole is significantly higher than for plagioclase (Harland et al. 1990 ), suggesting that the older age of plagioclase is due to excess Ar. This assumption is confirmed by the Variscan age (344 Ma) measured on the plagioclase M-2 at Maříž, after treatment with diluted HF. The plagioclase ages from the gabbronorites (M-5-1 and M-5-2) at Maříž are closely similar (389 Ma and 388 Ma), despite the difference in their K contents. This provides an argument against the presence of excess Ar at this locality. K-Ar ages for amphibole and plagioclase from sample M-5-1 correspond to their closure temperatures: the amphibole is significantly older (568 Ma) and is very similar to the age of amphibole from Korolupy sample M-2 (550 Ma), where the excess Ar is indicated by the age of plagioclase. Regarding the importance of Variscan events, the individual minerals in sample M-2, such as plagioclase (primary and leached), biotite and amphibole of various density fractions, were tested for overprinting, at least partly, during the Variscan events. A separated lower density fraction (partly actinolitized pargasite) yielded a significantly younger age of 449 Ma, while an older age of 573 Ma has been measured on the higher density fraction (pargasite) from M-2.
Since there is no indication from plagioclase of any excess Ar at Maříž, excess Ar is also not inferred for the amphibole. The similarity of amphibole ages at Korolupy (573 Ma) and at Maříž (568 Ma) suggests that Cadomian ages may have been retained during the Variscan tectonometamorphic processes. In units strongly overprinted by the Variscan metamorphism, however, only zircon ages can solve the real age of gabbros.
Apatite fission-track analysis of two gabbroic samples from Korolupy and Maříž (M-5-1) and the Číměř granite indicate very similar ages of 150.2± 18.0 Ma (standard deviation ±1σ). Furthermore the samples show comparable track length distribution and shortening of initial fission-track lengths (mean length 11.5 µm) implying a slow and continuous cooling from total annealing zone (i.e. > 120 °C) from the Late Jurassic to the present.
Discussion

Rock associations and their relationship
The gabbroic rocks under consideration occur either in the Moldanubian Monotonous Group at contact with the Moldanubian pluton or in the Vratěnín Unit of the Moravian affinity (sensu Jenček & Dudek 1971) . However, the latter unit was often correlated with the Moldanubian Varied Unit (e.g. Schulmann et al. 2005 and references therein). We prefer to correlate the Vratěnín Group with the Moravian Unit of the Brunovistulian margin for the following reasons: a) apparent lithological similarity with the Vranov-Olešnice Unit, which is intercalated with ca. 600 Ma old Cadomian orthogneisses (Bíteš gneisses -Friedl et al. 2004 b) the coronitic gabbro from Olešnice (Weiss 1985) in the Svratka window shows the same pattern of corona development and is spatially associated with marbles and garnet amphibolites as coronitic gabbros in the Vratěnín Unit.
The studied gabbroic rocks mostly form small rounded bodies X0 to X00 m in size, strongly differentiated by processes of crystal accumulation, liquid fractionation and assimilation of country rocks. This implies that most bodies represent cumulates of (ultra) Ultramafic to mafic cumulate gabbroic complexes with coronitic textures typically occur in medium-to high-pressure amphibolite-granulite facies metamorphic terrains (e.g. de Haas 2002), but olivine-plagioclase coronas were described from low-pressure (up to 1 kbar) domains (Turner & Stuewe 1992) . They may be formed either by late magmatic processes during reaction of cumulus phases with hydrous interstitial liquids, or in the solid state due to the activities of fluid-assisted metamorphic processes (Claeson 1998; de Haas et al. 2002; Ikeda et al. 2007; Helmy et al. 2008) .
Their tectonomagmatic and metamorphic histories are postdated by the Variscan high-grade metamorphic event (ca. 350-340 Ma) recorded in the Moldanubian Unit and somewhat later also in the underlying Moravian complexes (Fritz & Neubauer 1993; Kotková et al. 2007 ). Unfortunately, the Sm-Nd isochrone ages fail to give real geological ages, most likely due to variable contamination of gabbros by host rocks. The results of K-Ar dating of different minerals from the coronitic and non-coronitic gabbros show a relict of ca. 570-550 Ma Cadomian ages, but also a strong Variscan imprint, which disturbed the K-Ar isotopic system. Three possible scenarios exist:
1. The gabbroic complexes represent pre-Variscan intrusions involved in the Variscan high-grade metamorphic processes. The presence of coronitic textures only in the Vratěnín Unit reflects different conditions during the Cadomian late magmatic processes -the presence of H 2 O-rich late magmatic fluids, rapid exhumation and cooling in the case of coronitic gabbros from the Vratěnín Unit. Mafic to ultramafic complexes with coronitic textures of ca. 570-550 Ma and very similar geochemical and Sm-Nd isotopic characteristics were reported by Cottin et al. (1998) from the Panafrican Belt in Hoggar and the Panafrican Eastern Desert terrane in Egypt (Helmy et al. 2008) . Both regions are possible candidates for areas from which the Armorican and Brunovistulian crustal fragments could be derived.
2. The gabbros are pre-Variscan intrusives, possibly Cadomian in age, but coronitic textures originated during the Variscan metamorphic processes connected with underthrusting of the Brunovistulian margin beneath the Moldanubian root. Such processes, in which the intrusive age is much higher than that of the coronas, have been reported from the Grenvillian orogen in Canada, Norway, but also from Variscan terrains of the Massif Central, France and Bohemian Massif (Štědrá et al. 2002) . This interpretation is supported by the presence of a garnet corona around plagioclase in a solitary sample from Korolupy and replacement of ilmenite with developed amphibole coronas by titanite.
3. Olivine-orthopyroxene coronas could have originated in the magmatic stage in pre-Variscan times because olivine is in textural equilibrium with the magmatic pargasite, which also replaces orthopyroxenes. Fine-grained symplectitic amphibole with spinel grains and scarcely preserved garnet coronas around plagioclase are products of solid-state fluid-assisted metamorphic reactions, which accompanied the dehydration in the host metasediments.
Petrogenesis of the gabbros: mantle and crustal contribution
The geochemical data help to define the petrogenesis of the gabbroic rocks. SiO 2 vs. alkali contents show their subalkaline character (Fig. 7) , with the exception of the Mešovice norite and the Maříž (M-5-5) gabbros. The chemical composition of the primary gabbroic rocks should suggest derivation of the primary gabbroic magmas from mantle-sources. The high Mg# numbers and MgO concentrations in most of the samples (Table 9 ) most likely point to their cumulate origin produced by fractional crystallization, probably in crustal magma chambers. The positive Eu anomalies (Fig. 9A) suggest that plagioclase is a major cumulus phase in these rocks. The evolution of basaltic magmas in the crust is typically accompanied by variable degrees of contamination, namely by the assimilation-fractional crystallization processes outlined by Hildreth & Moorbath (1988) . High trace element contents (e.g. light rare earth elements -LREE, large ion lithophile elements -LILE), well developed negative Nb anomalies and distinctly variable Sr-Nd isotopic composition (e.g. ε Nd -8.0 to +5.0) of the samples (see Table 10 ) may suggest either significant contribution by crustal (subduction-related) material in the magma source or (more probably) incorporation of felsic crustal material to the parent magma during its ascent or emplacement.
In order to account for the observed geochemical characteristics we consider two possibilities for their petrogenesis: (1) the magma was derived from enriched upper mantle sources with subduction-related characteristics or (2) primary magma of mantle origin was contaminated during emplacement (underplating) by crustal material and acquired its geochemical characteristics as a result of the assimilation-fractional crystallization process.
In spite of their similar petrography and their present geotectonic position, the Maříž gabbroic rocks are distinctly different from those at Korolupy-Nonndorf and Mešovice. For example, all the Maříž gabbroic rocks have high crust-like La/Nb ratios of 2.1-6.6 (bulk continental crust has La/Nb ratio of 2.5; Rudnick & Gao 2003) , coupled with uniform low ε Nd values from -0.6 to + 0.7 whereas gabbroic rocks from other localities have La/Nb ratios < 1.7 and show negative correlations between La/Nb and ε Nd (Fig. 11) Keppler 1986; Hawkesworth et al. 1991; Hermann et al. 2006 ). Compared to the other samples, the Mešovice norite is distinct in having a positive Nb-anomaly (Nb N /Th N = 1.7) coupled with a very high TiO 2 content (3.4 wt. %; Table 9 ), an alkaline composition as signified in the TAS (Fig. 7) and a radiogenic ε Nd value of +5.0. Positive Nb-anomalies as well as high TiO 2 contents are characteristic of OIB or rift-related basalts free of any subduction component (e.g. Lustrino & Wilson 2007 and references therein). The fact that the Mešovice norite also has a character indicative of a highly incompatible element-depleted mantle source, with highly radiogenic ε Nd (+ 5.0), strongly supports mantle-derived magma emplacement during the continued crustal extension.
The Korolupy-Nonndorf norites have smaller negative Nb-anomalies (Nb N /Th N = 0.5-0.8) than those from Maříž (Nb N /Th N < 0.5). In spite of having La/Nb ratios and Sr contents similar to those of the Uherčice gabbros, they are significantly poorer in large lithophile elements than the Uherčice gabbros. This suggests that they were only slightly contaminated by crustal material. In contrast, in spite of their similar moderately negative Nb-anomalies and much lower ε Nd values (-6 to -8), the Uherčice gabbros show two distinct geochemical patterns: (1) low Rb coupled with a highly non-radiogenic Sr isotopic composition of 0.70275 (Uherčice, M-3B) and (2) large lithophile element enrichment associated with highly radiogenic Sr isotopic composition of 0.71909 (Uherčice, M-3A). This can be interpreted as inherited from assimilation of different crustal materials or more probably, old (e.g. Nd model ages of 2.5 to 3.0 Ga; Liew & Hofmann 1988) , extensively recycled material.
Apparent trends (negative correlations between La/Nb and ε Nd and a possible mixing line in the Sr-Nd isotopic diagram) for the Mešovice-Korolupy-Nonndorf-Uherčice rocks suggest that these rocks originated from a single parent magma that was affected by varying degrees of assimilation-fractional crystallization process.
Conclusions
Petrological, geochemical, Sr-Nd isotopic and K-Ar studies of gabbroic cumulates from the Moldanubian Monotonous Unit and the Moravian Vratěnín Unit provide the following constraints on the sources, evolution and age of these rocks:
(1) Both complexes represent pre-Variscan, partly differentiated ultramafic-mafic intrusions of probably Cadomian age (ca. 550-570 Ma), with very similar geochemical and isotopic characteristics. They were emplaced into units of different microcontinent fragments derived from the African part of the Neoproterozoic Avalonian-Cadomian orogen. They were heterogeneously involved in the Variscan collision of the Moldanubian and the Brunovistulian microcontinents. The two-pyroxene thermometry (1000-700 °C) and clinopyroxene-plagioclase barometry (8-5 kbar) performed by Koller (1998) also show a wide scatter of data for these rocks.
(2) Coronitic texture, present in the gabbroic rocks of the Vratěnín Unit, could have originated more probably during both magmatic (orthopyroxene coronas) and/or the solid-state fluid-enhanced metamorphic reactions. Amphibole-and spinel-bearing, scarcely also garnet coronas were produced at contact between symplectitized orthopyroxene and plagioclase. According to the strong amphibolite-facies imprint in some gabbroic samples passing to garnet amphibolites, we assume that amphibole-garnet coronas could have originated during underthrusting of the Brunovistulian margin below the Moldanubian Unit. Later, they were equilibrated in the amphibolite-facies conditions, during exhumation and final imbrication of the Drosendorf stack.
(3) The studied gabbroic rocks crystallized from magma which was derived from moderately depleted mantle sources but enriched by subduction-related fluids before their emplacement. More probably they were differentially contaminated by heterogeneous crustal material in two lithologically distinct crustal units during the emplacement in pre-Variscan times. This would explain the wide range of obtained ε Nd values (+5 to -8). Close spatial relation of the gabbroic cumulates to garnet amphibolites and marbles suggest that their emplacement was connected with fragmentation and rifting of a passive margin sequence in the case of the Vratěnín Unit suite. This is supported by the presence of gabbros of alkaline character and positive ε Nd values of ca. + 5, which suggest a lower contamination by slab fluids or a continental crust assimilation. Their original geochemical characteristics were strongly influenced by the assimilation-fractional crystallization process. The cumulate gabbro complexes are relatively heterogeneous; their example, the Maříž suite, was contaminated by a larger volume of continental crust compared to the Vratěnín Unit. 
